tions similarl-treate(l witlh 2,4-D or 2,5-DBA. Over measured interv als of time growth remained either higher than or equal to but was never less than that of the w.ater controls.
a. Sections which received an initial treatment with IAA did not respond as much to further applications of a growth regulator as sections which had received an initial treatment with either 2,4-D, 2,5-DBA or water.
6. The natuire of the growth depression which follows an IAA treatment is discussed. It is suggested that IAA may have a dual role in controlling growth. It may function as a growth promotor in a way similar to that of 2,4-D or 2,5-DBA. In addition, it mav stimulate the formation of a growth inhibitor. It is proposed that one of the effects of IAA upon cell metabolism is the formation of a substance which accumulates within the tissue and which can in some way dislocate the growth processes and render the tissue less sensitive to further applications of growth regulators. The formation of such an inhibitor could be a safetv mechanism to protect the plant from its own production of auxin, and might offer a partial explanation for the weak activity of IAA when applied to intact plants. 7 . The results suggest that pea sections treated with 2,4-D or 2,5-DBA either do not develop this safety mechanism or develop it only to a small extent and it is proposed that this difference in response to IAA and the synthetic growth regulators might be a further factor to account for the much greater effectiveness of the latter compounds in whole plants.
The author wishes to thank -Miss Pamela Clements and Mrs. Ruth Kasasian for technical assistance, and the Unit of Biometry, Oxford, for their advice on statistical analyses. She The basic culture medium was prepared, usingf double-distilled water, Knop's solution as modified by Gautheret (4) and Nitsch (12) , and the essential micronutrients according to Nitsch (12) . Nutrient iron in the form of ferric citrate was supplied at a concentration of 10 mg/l. Two types of culture media were used: 1) the medium described above without any organic supplement, hereafter referred to as plain medium, and 2) the same medium containingr 2 % sucrose as the only organic supplement, termed sucrose medium. In other experiments IAA, gibberellic acid, and TIBA were added to the sucrose media as previously indicated. After preparation of the different media the acidity was adjusted to a pH of 5.5 and approximately 15 ml of the agar medium allotted to each 25 x 150 mm culture tube. These were plugged with non-absorbent cotton, and autoclaved under 15 pounds pressure at 1100 C for 15 minutes.
The excised mature embryos were planted in the agar media in two ways 1) with the cotyledons beneath the surface of the agar leaving the hypoeotyl and radiele end free, or 2) with the radicle end and basal part of the hypocotyl submerged in agar leaving the upper part of the hypocotyl and cotyledons free.
In either case the culture tubes were oriented so that the radicle was alwavs directed downward; this was accomplished by merely inverting the tubes of the 1st type. To prevent excessive water loss, the test tubes were capped with a thin layer of polyethylene plastic film in addition to the cotton plugs. The cultures were placed in a standard tissue-culture laboratory in w-hieh both incandescent and fluorescent light was supplied under a 12-hour photoperiodic regime. Temperature was maintained at 240 ± 10 C during each successive experiment. Under the methods described it was possible to explant and grow successfully numerous embryos with little contamination from fungi or bacteria. In no experiment did the losses exceed 10 %; normally they were considerably less.
DISCuSSION OF RESULTS Earlier studies (unpublished work of Claud L. Brown) in which the mature embryos of longleaf pine (P. palustris _Mill.) were cultured successfully on a sucrose medium by submerging the radicle of the embryo into the medium resulted in the same type of root development as that described by Sacher (13 In several replicated tests it was foundl that eacl time sucrose was added to the meclium in which the cotvledons were embedded, the primarv root grew quite rapidlv into the plain agar medium below. The initial rate of root growth was not, however, as high in the plain agar as it was previously in air; yet the f nal lengths attainedl were much greater in agar because growth continued considerably longer In fact, some of the roots, tupon reaching the bottom of the inner vials began to grow in a spiral manner as show-n in figure 3 . It was also of interest to note that even though the rate of root growth decreased with time, the 1st two or three weeks being the most rapid, there was no dark brown discoloration of the roots now growing beneath the agar surface. E-en after a period of 6 to 8 weeks the root tips (2-to 3-mm portion) appeared normal in both color and formi.
In striking contrast to these observations, root growth was practically nil when the cotyledons were placed in the plain agar medium, and the roots supplied with a source of sucrose as shown in figure 6 . (fig 7) . Conversely, when the embryos were planted with the radicle end submerged in the plain medium, initial root growth did occutr, and almost to the same extent as it did on a sucrose medium (fig 1) , while hypocotyl elongation was somewlhat reduced. These (fig 8) when the intact megagametophyte was placed in sterile vermiculite just above the plain agar in a manner somewhat similar to that previously described by Stone and Duffield (16) .
It should be noted that Sacher (13) (18) . Slankis (15) observed that concentrations of naphthaleneacetic or indole-3-acetic acid above 0.5 mg/l commonly inhibited the growth of excised long roots of pine in liquid culture, while concentrations below 0.05 mg/l promoted elongation. Sacher (13) also demonstrated the inhibitory effects of naphthaleneacetic acid (0.5 mg/l) on root growth of pine embryos in nutrient agar. This concentration caused the formation of protuberances on the primary roots, which Sacher interpreted as short roots.
In the current studies it seemed appropriate to test the effect of IAA in plain agar when applied directlv to the primary root in concentrations of 0.1, 1.0, and 10.0 mg1/, while the cotyledons were submerged in the nutrient sucrose medium. At the end of 14 davs root inhibition was not significant at 0.1 mg/l while it was very pronounced at 1.0 and 10.0 mg/l (table I). The inhibition could also be demonstrated by suipplying IAA through the cotyledons w-ith the suicrose at the same concentrations. None of the primary roots, however, developed apparent short roots even after 60 davs in culture, although, the tips of those receiving 10.0 mg/i became swollen by the end of 7 davs and thereafter, at this concentration, root growth was greatly retarded. The roots receiving 1.0 mg/l were somewhat contorted but produced no protuberances resembling short roots, while those growing in agar with 0.1 mg/i appeared normal in every respect (fig 9) . In comparing these results with those of Sacher (13) it appears that sucrose supplied through the cotyledons does have a modifying effect on the degree of inhibition exerted by IAA, particularly in the expression of morphological characteristics such as protuberances or short roots. GIBBEItELLIC ACID: The pronounced effect of the gibberellins on stem and leaf elongation in many species of higher plants has been demonstrated by numerous workers. (See review by Stowe and Yamaki (17) .) Only a few studies, however, have been specifically concerned with the response of coniferous species to applications of these biologically active compounds. Marth, Audia, and MIitchell (8) were among the first to observe the effect of gibberellic acid on several conifers and to report its general ineffectiveness on the growth of the species tested, namely, Pinus taeda L., P. virginiana iMill., P. strobus L., Picea glauca ('Moench.) Voss., and Juniperus chinensis f. pfitzeriana (Spaeth) Rehder. More recently, Nelson (9) reported that a 1.0 % solution of gibberellic acid applied in lanolin paste to the active apices of eastern white pine (P. strobus L.) caused a small but non-significant increase in height growth, while Arizona cypress (Cupressus arizoiiica Greene) failed to respond at all. In fact, the latter appeared slightly inhibited by the treatment. The work thus far would certainly indicate that the conifers, taken as a group, are much less responsive to applications of gibberellic acid than most other plants which have been tested.
Although some of the most striking effects of gibberellic acid are those associated with increased shoot extension, there has also been a considerable amount of work devoted to its effect on root growth (17) . Most workers seem to agree that the gibberellins exert a detrimental effect on the underground portions, although as pointed out by Stowe and Yamaki (17) , there are also some reports that root growth may be promoted. In a more recent study, Whaley and Kephart (19) , working with excised roots of maize, observed a beneficial response in one inbred line at concentrations of 10, and 20 mg/l, whereas another inbred showed no response at the same concentrations. The hybrid of the two inbred lines gave essentially the same response as the 1st inbred line.
In the current studies, gibberellic acid was added to the sucrose media in concentrations of 0.1, 1.0, and 10 mg/l. It was supplied through the cotyledons in some cultures by the manner previously described, whereas in others it was applied directly to the roots in sucrose medium. (14) using the same cultural techniques, i.e., autoclaved gibberellic acid, report a marked increase in weight of excised fruit tissue in vitro corresponding to an increase in concentration of gibberellic acid up to 25 mg/l in the presence of indole-3-acetic acid, and up to 5 mg/l in the absence of the latter. Above these concentrations gibberellic acid caused a pronounced inhibition of callus growth and a concomitant decrease in weight. Whether or not autoclaving reduces the activity of gibberellic acid to an appreciable extent or whether a possible conversion to another active substance(s) occurs in the nutrient media is not presently known. TIBA: Reports of the effects of 2,3,5-triiodobenzoic acid (TIBA) on growth correlations in higher plants are numerous. Its role as a so called "antiauxin" has recently been attributed, at least in part, to a direct effect on the polar auxin transport system by Niedergang and Skoog (10, 11) and Kuse (6) . In the present studies, TIBA was added to the sucrose medium at the concentration of 10.0 mg/i and the embryos were planted in the medium in the manners previously described. Embryo growth was noticeably retarded in all cases, resulting in the diminution of both hypocotyl and root elongation ( 6 months at 5°C prior to their use. Seed coats were removed and the megagametophytes surface-sterilized. Embryos were excised aseptically and oriented on agar media in two ways: 1) with the radicle in agar, and 2) with the cotvledons in agar, leaving the radicle free in air. Culture tubes of the latter series were kept inverted so that the root was always directed downward. The basic medium was a modified Knop's solution to which 2 % sucrose and other substances were added as mslecified.
BROWN-AND GIFFORD-COTYLEDONS AND ROOT GROWTH
2. Embryos grown with the radicle embedded in a sucrose medium exhibited immediate growth of all organs; the roots, however, grew only 1 to 2 cm in length durinog the first two to three weeks and thereafter became completely inhibited. In contrast, when the cotyledons were placed in the sucrose medium, leaving the radiele end free in air, growth of the root was rapid, reaching 5 to 8 cm in length before dying of desiccation. In additional experiments, root desiccation was overcome by inserting the roots of the latter type into a sterile vial of agar placed inside the original culture tube and excellent root growth was obtained for much longer periods. If, however, the two types of media were reversed, i.e., if the plain medium were supplied to the cotyledons and the sucrose medium applied to the radicle end or root, the latter grew only 1 to 2 cm in length and again became completely inhibited. Thus, it was clearly demonstrated that a carbohydrate, sucrose in these experiments, when supplied through the cotyledons exerted a much greater beneficial effect on both rate and duration of root growth than when it was supplied to the embryo directly via the root. Under in vivo conditions, the metabolite is, of course, supplied through the cotvledons by the megagametophvte.
3. The failure of root growth to occur beneath an agar medium when embryos were planted in a normal manner (i.e., radiele submerged beneath the agar) was not attributed to such factors as low oxygen tension, changes in pH, accumulation of toxic sub-
